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Abstract: The association of antibiotics are often used in therapy in order to enhance the efficieny and also to 
minimize the development of bacterial resistance. Generally; the combinations have in their structure antibiotics 
that present; one to other;  the phenomenon of synergism. 
In order to observe the synergism between antibiotics; this research studied combinations of betalactam 
antibiotics and aminoglycosides; that were efficient on pathogens from Staphylococcus genus. The antibacterial 
susceptibility was tested through dilution method; that was applied both for the combination of antibiotics and 
also for the antibiotics alone. The interaction between antibiotics was appreciated by calculating the fractional 
inhibitory concentration and by interpreting the results in accordance to CF Referral Center for Susceptibility & 
Synergy Studies; Columbia University; New York.  
Amoxicillin-gentamicin combination had synergic effects in a percentage of 71;43 %; addition being 
observed for 28;57 % strains. In a lower percentage was noted synergism for the combination ceftiofur-
gentamicin – 57;14 % – but the addition phenomenon was in a higher percentage – 42;86 %. 
So; we recommend both these combination; because of the synergic or additive activities of the 
antibiotics; with the specification that it is better to use amoxicillin-gentamicin association than the combination 
ceftiofur-gentamicin; for Staphylococcus strains. 
 
INTRODUCTION 
 
The combinating therapy is recommended; both in human and veterinary medicine; for 
the infections that are caused by gram-positive and gram-negative pathogens or when exist 
aerobic and anaerobic infections (FANTIN B. and C. CARBON; 1992). 
Many times; the antimicrobial combinations are used also to reduce the risk of the 
appearance of adverse reactions to medicines; and also to minimize the development of 
bacterial resistance to antibiotics (GLECKMAN A.R. and F. BORREGO; 1997). 
However; the association of antibiotics must be done between antibiotics that present 
synergism one to other; if you want to increase the therapeutic efficiency or an expansion of 
the activity spectrum. 
The aim of this research is to observe the synergism phenomenon between antibiotics 
from the groups of betalactams and aminoglycosides in order to recommend these association 
by the veterinarians; for a better efficacy in therapeutics. 
 
MATERIAL AND METHODS 
 
Bacterial strains were isolated from animals having localized and generalized 
infections: bronchopneumonia; peritonitis; dermatitis; rinitis; otitis; mammitis; arthritis; 
synovitis.  
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Staphylococcus genus germs were identified after the morphological exam and the 
examining of the cultural characteristics and biochemical properties of the pathogens. 
Antimicrobial agents from de groups of betalactams (amoxicillin; ceftiofur) and 
aminoglycosides (gentamicin) were tested using broth dilution method (BOLDIZSAR E. and 
col.; 2002).  
MIC’s of the tested antibiotics were determined and interpreted according to The 
National Committee for Clinical Laboratory Standards (NCCLS; 1999). 
The stock solutions were prepared in sterile distilled water. Serial dilution; begining 
with 0 µg in amoxicillin (AMX); 10 µg in gentamicin (G) and 30 µg in ceftiofur (EFT) were 
performed in 15 tubes for each antibiotic. Every tube contained 1 ml broth in a twofold 
dilution; comparing with the proximate tubes. One more tube contained no antibiotic and 
served as a control. 
In order to determine the synergism between antibiotics; for each combination of two 
antibiotics were prepared 15 more tubes of dilutions; by using ½ of the amount of antibiotics; 
as following: amoxicillin-gentamicin (the first tube = 5 µg AMX + 5 µg G); ceftiofur-
gentamicin (the first tube = 15 µg EFT + 5 µg G). 
 The strain grew on broth at 37°C for 18-24 hours and the inoculum was placed in 
each of the tubes. The minimal inhibitory concentration (MIC) was determined after aerobic 
incubation at 37°C for 18-24 hours and was considered the lowest antimicrobial concentration 
that produced no visible bacterial growth (ANAND and col.; 2001). 
Fractional inhibitory concentration indices (FIC) were calculated (HALLANDER and 
col.; 1982) for all isolates with all combinations. 
 
RESULTS AND DISCUSSIONS 
 
In laboratory; the relationship between an antimicrobial agent and  a pathogen is 
described through minimum inhibitory concentration (MIC). MIC define the minimum 
concentration of antibiotic that inhibit the in vitro grow of a certain bacteria; in standardized 
conditions (DIGHE A. and col.; 2001).  
In the present days; the calculation of the fractional inhibitory concentration is the 
method wide world used to appreciate the interaction between two antibiotics (DEN 
HOLLANDER J.G. and col.; 1998; MANDEL S. and col.; 2004).  
The observations regarding the synergism were interpreted according to the table 1; 
after the calculation of FIC with the formula (SAIMAN LISA and col.; 2003): 
FIC = MIC agent A combined/MIC agent A + MIC agent B combined/MIC agent B 
 
Table 1 
The interpretation of the fractional inhibitory concentration values (FIC) 
FIC value Interpretation  
≤ 0;5 Synergism  
> 0;5 – 1;0  Addition  
> 1;0 - ≤ 4;0 Indiference  
> 4;0 Antagonism  
 
For the strain no. 1; MIC of the AMX-G combination was distinguished in the tube no. 
7; at the quantity of 0;15625 µg for AMX and  0;078125 µg for G. For AMX; MIC was 
observed also in tube 7; at the quantity of 0;3125 µg; the same tube 7 showing MIC also for 
G; at the quantity of 0;15625 µg. The addition phenomenon was noted with the value 1 of the 
FIC. 
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Addition between these two antibiotics was also distinguished  for the strain no. 2; at a 
lower value of the FIC – 0;75. This was calculated after the registration of MIC for the 
antibiotics alone (AMX – 0;3125 µg; tube 7 ; G – 0;3125 µg; tube 6) and also for their 
comboination (AMX – 0;15625 µg and G – 0;078125 µg in tube 7). 
Strain no. 3 had MIC at the quantity of 0;625 µg for AMX; in the tube 6 and 0;15625 µg 
for G; in tube 7. By combining AMX-G; MIC was observed in tube 8; at the quantity of 
0;078125 µg for AMX and 0;0390625 µg for G. FIC of 0;375 presented the association as 
being synergic.  
Synergism was appreciated also at the value of 0;25 of the FIC; that was obtained by 
combining AMX with G in the case of strain no. 4. MIC for AMX-G was distinguished in 
tube 8; at a quantity of 0;078125 µg for AMX and 0;0390625 µg for G. MIC of AMX for this 
bacterial strain was observed in tube 6; at the quantity of 0;625 µg. The staphylococci 
inhibition by G; was effected also in tube 6; at the quantity of 0;3125 µg.  
Referring to the strain no. 5; for AMX; MIC was 0;3125 µg seen in the tube 7; while for 
G the germs inhibition was achieved with the quantity of 0;3125 µg; in the tube 6. For AMX-
G combination; MIC was 0;078125 µg for AMX and 0;0390625 µg for G; in the tube 8. 
Taking into consideration the FIC value of 0;375; the association of antibiotics was 
appreciated as being synergic (table 2).  
For the strain no.6; the synergism phenomenon was noted at a very low value of FIC – 
0;1249998. In this situation; MIC for AMX was observed in the tube 6; being 0;625 µg; also 
in a no. 6 tube; at a quantity of 0;3125 µg; was registered MIC for G. For the combination of 
antibiotics; MIC for AMX was 0;0390625 µg; while for G was 0;0195312 µg; seen in the 
tube no. 9.  
MIC for AMX in the case of strain no. 7 was 0;3125 µg; in the tube 7; while for G was 
0;078125 µg; noticed in the tube no. 8. Tube 9 showed MIC for the combination; at the 
quantity of 0;0390625 µg for AMX and 0;0195312 µg for G; and the value of FIC of 
0;3749993 indicated synergism between these antibiotics.   
Analyzing these data; we can establish that; for the association of amoxicillin and 
gentamicin; the synergism phenomenon appear in 71;43 % of cases and addition in 28;57 % 
of cases (fig. 1). 
ESPINO MARIA and col.; in 1998; signaled out; also; synergism between penicillins 
and aminoglicosides when tested the combination penicillin G-kanamycin against some 
coagulase-negative and coagulase-positive staphylococci – 61;36 % of the coagulase-negative 
staphylococci and 63;15 % of the coagulase-positive staphylococci presented marked 
synergism; while for the rest of the strains was noted the addition phenomenon. 
By testing the combination azlocillin-amikacin on some Staphylococcus haemolyticus 
strains isolated from bronchopneumonia nidus; in 2000; the collective group of ESPINO 
HERNANDEZ MARIA; obtained in vitro and in vivo results indicating the fact that the 
activity of the aminoglycoside antibiotic was intensified by the presence of the betalactam 
antibiotic.  
Table 2 
FIC values for amoxicillin-gentamicin combination – Staphylococcus strains 
Tulpina nr.  CIF Interpretare  
1 1 AdiŃie  
2 0;75 AdiŃie  
3 0;375 Sinergism 
4 0;25 Sinergism  
5 0;375 Sinergism  
6 0;1249998 Sinergism 
7 0;3749993 Sinergism   
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Fig. 1 The appreciation of amoxicillin-gentamicin combination for Staphylococcus strains 
 
MIC of the combination EFT-G; for the strain no. 1; distinguished in the tube 7; was 
0;234375 µg; for EFT and 0;078125 µg for G.  MIC of EFT was observed at the level of tube 
7; where the antibiotic was present in an amount of 0;46875 µg; while MIC of G was noted in 
the tube 6; at a quantity of 0;3125 µg. The calculation of the fractional inhibitory 
concentration (FIC) showed the addition phenomenon between ceftiofur and gentamicin; 
appreciated according to the value of  0;75 (table 3). 
But for the strain no. 2; this combination was proved to be synergic; at a pretty low 
value of FIC – 0;25. For the association of antibiotics; MIC was noted in tube 8; at the 
quantity of 0;1171875 µg for EFT and 0;0390625 µg for G. The staphylococci inhibition by  
ceftiofur (EFT) was produced at an amount of 0;9375 µg; in tube 6 şi and also at the level of 
tube 6; but at the quantity of  0;3125 µg by gentamicin (G).  
Also synergism between these two antibiotics was distinguished for the strain no. 3; at a 
little bit higher value of FIC – 0;375. This was calculated after the registration of MIC for the 
antibiotics alone; but also for their combination: for EFT – 0;9375 µg (tube 6); for G – 
0;156125 µg (tube 7); and for the combination – EFT - the quantity of 0;1171875 µg and G – 
the quantity of 0;0390625 µg (tube 8). 
For the strain no. 4; when EFT was used; MIC was 0;46875 µg pointed out in tube 7. 
Also at the level of tube 7 was noted MIC for G at the quantity of 0;15625 µg. The same tube 
7 of the series made up for the association of antibiotics presented MIC for the combination 
EFT-G: 0;234375 µg for EFT and 0;078125 µg for G. Taking into account the value of FIC 
(1) it was appreciated the association of antibiotics as being additive.  
The strain no. 5 showed MIC at the quantity of 0;46875 µg for EFT; in tube 7 and 
0;15625 µg for G; also at the level of tube 7. By combining EFT-G; MIC was pointed out to 
be at the level of tube 8; at the quantity of 0;1171875 µg for EFT and 0;0390625 µg for G. 
Although at the limit; FIC of 0;5 presented the association as being synergic.  
Otherwise; for the strain no. 6 it was registered the phenomenon of addition that was 
appreciated by the FIC value of 0;625. In this case; MIC for EFT was observed in tube 8; 
being 0;234375 µg; at the level of tube 6; at an amount of 0;3125 µg; was noted MIC for G. 
In the combination of antibiotics; MIC for EFT was of 0;1171875 µg; while for G was 
0;0390625 µg; pointed out in the tube no. 8.  
For the strain no. 7; MIC of EFT was 0;46875 µg; in the tube 7; while for G was 
0;078125 µg; observed at the level of tube 8. Tube 9 presented MIC of the combination EFT-
G; at the quantity of 0;0585937 µg for EFT and 0;0195312 µg for G; the value of the FIC of 
0;3749991 indicating synergism between these antibiotics.   
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As a result of this study we can note that for the association of ceftiofur and gentamicin 
it was observed synergism in 57;14 % of cases and also addition in a pretty high percentage – 
42;86 % (fig. 2).  
Table 3 
FIC values for ceftiofur-gentamicin combination – Staphylococcus strains 
Tulpina nr.  CIF Interpretare  
1 0;75 AdiŃie  
2 0;25 Sinergism 
3 0;375 Sinergism 
4 1 AdiŃie   
5 0;5 Sinergism  
6 0;625 AdiŃie  
7 0;3749991 Sinergism  
 
 
 
Fig. 2 The appreciation of ceftiofur-gentamicin combination for Staphylococcus strains 
 
ORSINI J.A. (2004) recommends the combination between cephalosporins and 
aminoglicosides; especially for the systemic action that is necessary in certain disease; for 
example the infected wounds in horse. 
Synergism in 75 % of cases noted also HALLANDER H.O. and col.; in 1982; while 
investigating the effect of the combination gentamicin-ceftaxim; but also gentamicin-
ceftazidim on some Staphylococcus genus strains.   
The testing of the combination between cephalosporins and aminoglycosides; WHITE 
R.L. and col.; in 1996; pointed out both synergism; between cefepim and tobramicin; and 
antagonism; between ceftazidim and tobramicin; and for 75 % of the investigated strains; the 
antibiotics showed indifference one to another.  
So; according our results; we recommend both these combination; because of the 
synergic or additive activities of the antibiotics; with the specification that it is better to use 
amoxicillin-gentamicin association than the combination ceftiofur-gentamicin; for 
Staphylococcus strains. 
 
CONCLUSIONS 
 
 Antibiotics from the groups of penicillins; cephalosporins and aminoglycosides; in 
combination of two antibiotics and also alone were tested on 7 strains of staphylococci 
 Broth dilution method was carried out in this paper and MIC’s of the tested antibiotics 
were determined and interpreted according to The National Committee for Clinical 
Laboratory Standards 
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 Fractional inhibitory concentration indices (FIC) were calculated for the isolates with 
antibiotic combinations 
 Amoxicillin-gentamicin combination had synergic effects in a percentage of 71;43 %; 
addition being observed for 28;57 % strains 
 Synergism in a lower percentage – 57;14 % – was noted for the combination ceftiofur-
gentamicin and also an addition phenomenon in a higher percentage – 42;86 %  – than the 
combination above 
 We recommend both these combination in therapeutics; because of the synergic or 
additive activities of the antibiotics 
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